Gout-Scott et al.
It is accepted that symptoms of cardiac ischaemia may be precipitated by treatment of myxoedema. It has therefore been the usual practice to treat patients in the older age groups with very slowly increasing doses of thyroid hormone. The exercise electrocardiogram (E.C.G.) has been extensively used as a more sensitive detector of cardiac ischaemia than the resting record (Master, Field, and Donoso, 1957; Lloyd-Thomas, 1961a , 1961b . We have studied the exercise E.C.G. in myxoedema, with the initial object of detecting ischaemia which might be exacerbated on treatment. The clinical and patho-physiological implications of the findings are discussed in the light of present knowledge of myocardial function in myxoedema.
Patients and Methods
The studies were performed on 12 patients with classical primary myxoedema and one with hypothyroidism following thyroid surgery. Hypothyroidism was confirmed by measurement of basal metabolic rate, thyroidal uptake of radioiodine, or plasma protein-bound iodine. Their average age was 42.4 years (range 15-62) . Details of these patients are shown in Table I . No patient had a history suggestive of cardiac pain, nor were there any physical features of heart failure. After patients had rested for 30 minutes a resting E.C.G. was recorded (leads I, II, III, IIIR or AVF, CR,, CR4, and CR6 or CR7) .
The E.C.G. was then repeated after exercise in the manner described by Lloyd-Thomas (1961a) . Usually 50 to 100 ascents and descents of the staircase were accomplished in five to eight minutes.
The post-exercise E.C.G. recordings were commenced two minutes after exercise ended and continued for 10 to 20 minutes. E.C.G.s were recorded by means of a direct-writing electrocardiograph. The sensitivity was always 1 mV/cm. When analysing the records care was taken to use only those portions of the tracings in which the baseline was absolutely steady. The junction of the QRS complex and the S-T segment is referred to as J.
In 11 patients the test was repeated at a variable time from the start of treatment (see Table I ). At the second test the number of ascents and descents was increased in approximate proportion to the ratio of the weights of the patient before and after treatment, and the test was performed in approximately the same time as previously. Thus both the total work done and the rate of working before and after treatment were roughly comparable.
No patient developed cardiac pain after treatment, nor did pain occur during the exercise tests.
Exercise E.C.G. Before Treatment
All patients developed changes after exercise in one or more leads. These are summarized in Table II . Attention has chiefly been paid to the S-T and T segments of the records. The most frequently observed changes were inversion of T wave in nine cases (in lead III alone in two cases), development of a sagging S-T segment (10 cases), and increase in depth of already present T-wave inversion (six cases). To the last group may be added three cases in which an initially flat T wave became inverted. Other changes observed were depression of J of at least 1 mm. (four cases), lowering of amplitude of upright T waves (two cases), development of a plane S-T segment (one case), and transient heightening of T wave within two minutes after exercise (four cases). The changes usually disappeared within 9 to 25 minutes after the end of the exercise.
Exercise E.C.G. After Treatment In 9 out of 11 patients tested again after treatment the resting E.C.G. was normal or nearly so. In Case 4, who was retested only three weeks after the start of treatment, the resting record was still of low voltage, with rather low T waves in a few leads. In three patients on treatment no changes were observed in the E.C.G. after exercise (Cases 1, 7, and 11). In Cases 2, 9, and 12 sagging S-T segments seen on exercise before treatment were now absent; inversion of T waves no longer occurred, nor did marked reduction of amplitude of upright T waves. Minor reductions in upright T amplitude did occur. After treatment Case 2 developed a 1-mm. depression of J in lead CR4, but the S-T segments were normal. In Case 6 the only change on exercise after treatment was a 30% reduction of upright T amplitude. Case 3 continued to show T-wave elevation after exercise after treatment, but the sagging S-T segment and inverted T wave in CR4 did not occur. In Case 4, who was retested only three weeks after the start of treatment, at which time the resting record still showed marked reduction of voltage, the pre-treatment exercise abnormalities had disappeared but a plane configuration of the S-T segment BRITISH MEDICAL JOURNAL developed in II, CR4, and CR8. In Case 5, the only patient suffering from myxoedema of acute onset, the main changethat is, elevation of T waves in many leads-was present both before and after treatment.
An example of the exercise changes before and after treatment is given in the accompanying Figure. 
Discussion
We have been unable to find reports of similar studies in the literature. These results show that changes in the E.C.G. on exercise occurred in all the tested cases. The reason for the occurrence of these changes is uncertain, but in many respects they resemble those developing on exercise in patients with cardiac ischaemia. In particular, the sagging S-T segment on exercise is highly characteristic of ischaemic heart disease; this abnormality, or plane deformity, occurred in 83 % of 155 cases of cardiac ischaemia ; J depression occurred in 67 % of the cases. The significance of pure T-wave changes is less certain, and it seems possible that T-wave inversion after exercise may occur in patients who do not subsequently have an abnormally high rate of coronary occlusion (Master et al., 1957; Robb, Marks, and Mattingly, 1956 ); nevertheless, pure T-wave inversion is very uncommon in normal subjects on exercise, for in one series of 67 normal subjects the T-wave amplitude never decreased to less than 33 % of its original amplitude on exercise, and no examples of flat or inverted T waves were encountered (Lloyd-Thomas, 1961a) .
Two of the patients with myxoedema showed only T-wave changes on exercise and three had initially inverted T waves temporarily corrected by exercise, an effect noticed in over 50% of patients with ischaemic heart disease who had T-wave inversion at rest (Lloyd-Thomas, 1961b The resemblance of the exercise changes to those seen in ischaemia does not necessarily mean that they are actually due to ischaemia. The changes described could be non-specificfor instance, similar changes may occur after digitalis administration or in potassium depletion (Georgopoulos, Proudfit, and Page, 1961) . However, there is no evidence of potassium depletion in myxoedema (Cohen, 1963) . A further possibility is that the changes may be related in some way to the presence of pericardial effusion in hypothyroidism. Kern, Soloff, Snape, and Bello (1949) showed in one patient that the resting changes in the E.C.G. could be immediately partially reversed by the withdrawal of pericardial fluid, and the resting E.C.G. changes can be reproduced by infusion of saline into the pericardial sac of the dog (Hamolsky, Kurland, and Freedberg, 1963) . We are unaware of any studies of the exercise E.C.G. in pericardial effusion, and there are obvious difficulties in making such observations. In the present series of patients pre-treatment chest x-ray films were available in all except Cases 7, 11, and 13. Two patients showed cardiac enlargement-of moderate degree in Case 3 and of lesser degree in Case 12, in which it was mainly left ventricular. In Case 3 some decrease in the size of the heart was apparent some weeks after the start of treatment. Case 13 had mild hypertension. The part played by pericardial effusion in causing the enlarged heart shadows in these cases is uncertain, since other factors may well have contributed.
In ischaemic heart disease the exercise E.C.G. changes are presumably due to myocardial anoxia. If such anoxia is indeed present in the myxoedematous heart during exercise, a number of mechanisms must be considered: (a) that the anoxia is due to coexistent anaemia; (b) that obstructive coronary atherosclerosis is more common in myxoedematous patients than in normal persons of the same age group; (c) that coronary blood-flow does not increase normally with exercise in myxoedema; (d) that in patients with myxoedema more work is necessary to circulate the increased cardiac output on exercise than in normal persons; and (e) that the myocardium does not take up oxygen as readily in myxoedema as normally. With regard to anaemia, Table I shows that in most of the patients who underwent the exercise test the haemoglobin was greater initially than 11 g./100 ml. In Case I (see Fig.) , though the haemoglobin was initially low, 8.4 g./100 ml., and fell to 6.6 g./100 ml. at the time of the post-treatment test, the abnormalities on exercise that were present before treatment had nevertheless disappeared. It does not therefore appear likely that anaemia is a major factor in causing the exercise E.C.G. abnormalities.
There seems to be a widespread belief that myxoedema predisposes to atheroma. If it were true this belief would provide a basis for suggesting that the ischaemic-like changes in the exercise E.C.G. were due to organic occlusion of the coronary arteries. It should at once be pointed out that the reversibility C of the exercise E.C.G. changes on treatment is very much against this suggestion. Also there is in fact very little evidence that myxoedema predisposes to the earlier or more severe development of atheroma (Clinical Society of London, 1888; Blumgart, Freedberg, and Kurland, 1953 ; Baker and Hamilton, 1957 
Summary
The effect of exercise on the electrocardiogram has been studied in 13 patients with myxoedema.
In all except one case exercise produced changes which resemble those seen in ischaemic heart disease. These changes on exercise disappeared after treatment.
It is argued that if these changes are in fact indicative of myocardial anoxia in myxoedema, then organic coronaryarterial occlusion is not a major factor in causing the anoxia, at least in the patients studied. It is suggested that in the Myxoedema-Cohen and Lloyd-Thomas MEDICA.L JOURNAL myxoedematous state there may be a metabolic defect resulting in poor tissue-oxygen uptake.
It is unlikely that the exercise E.C.G. can be of help in determining whether a patient is liable to develop symptoms of cardiac ischaemia when treated for myxoedema.
